Objectives To examine the association between self perceived psychological stress and cardiovascular disease in a population where stress was not associated with social disadvantage. Design Prospective observational study with follow up of 21 years and repeat screening of half the cohort 5 years from baseline. Measures included perceived psychological stress, coronary risk factors, self reported angina, and ischaemia detected by electrocardiography. Setting 27 workplaces in Scotland. Participants 5606 men (mean age 48 years) at first screening and 2623 men at second screening with complete data on all measures Main outcome measures Prevalence of angina and ischaemia at baseline, odds ratio for incident angina and ischaemia at second screening, rate ratios for cause specific hospital admission, and hazard ratios for cause specific mortality.
Introduction
Psychosocial factors-for example, psychological stress, are widely believed to be important determinants of heart disease. [1] [2] [3] Exposures to such factors may influence health directly through neuroendocrine mechanisms or indirectly through their association with unhealthy behaviour. 4 5 Much of the evidence supporting this hypothesis comes from studies relating self reported psychosocial measures, such as perceived stress, to self reported health outcomes. Individuals with a general tendency towards negative perceptions of different aspects of life may over-report both psychosocial adversity and symptoms of disease, leading to a spurious association between adverse psychosocial exposure and health. 6 Studies using more objective outcomes have largely been conducted in populations where psychosocial adversity was associated with general social disadvantage. Therefore it is impossible to discount the possibility that the apparent "effects" of psychosocial exposure are due to residual confounding by other correlates of relative deprivation. 7 An association between stress and social disadvantage is not inevitable, as the social distribution of perceived stress seems to vary with place and historical period. 8 We explored the relation between self perceived stress and several indices of cardiovascular health within a workplace derived population of men in whom reported stress was not greater among the socially disadvantaged. 9 By comparing the association between stress and a series of health outcomes dependent on self report to a different degree, we were able to assess the influence of reporting tendency. cardiovascular risk factors, "Rose" angina, and six lead resting electrocardiography. 10 Perceived stress was measured with the Reeder stress inventory (box), a four item questionnaire instrument widely used during the 1960s and 1970s. 9 11-14 The same workplaces were revisited in 1977, a mean of 5 years and 2 months from first screening. Around 50% of participants were rescreened using the methods as in the initial screening. Our study is based on 5606 men at first screening and 2623 at second screening with complete data on all measures. Full descriptions of the methods and procedures have been published elsewhere. 9 15 Men who died over the 21 years of follow up were identified through flagging at the NHS Central Registry in Edinburgh, which provides death certificates coded according to the ICD-9 (international classification of diseases, 9th revision). Deaths from cardiovascular disease were those covered by codes 390-459; coronary heart disease was covered by codes 410-414.
Data on hospital admissions for the same period were provided through linkage to the Scottish Morbidity Register. This has data on all admissions to Scottish hospitals, coded according to the contemporaneous revision of the international classification of diseases. 16 We considered admissions to general hospitals (SMR1) and to psychiatric hospitals (SMR4). We used codes appearing in any diagnostic position from the final consultant episode. Cardiovascular disease and coronary heart disease were coded as above. We considered acute myocardial infarction (code 410) and angina (413) separately. We considered as a separate group hypertension, ill defined heart disease, varicose veins, and haemorrhoids, hypotension, and "other" circulatory disorders (401, 429, 454-459), and psychiatric disorders (295-298, 300, 303-309, 311, 312, and 316).
Stress scores (1-8) were categorised as high (6) (7) (8) , medium (4 and 5), or low (1-3; box). We calculated the distribution of coronary risk factors and the prevalence of angina and ischaemia at first screening associated with each category. We standardised all estimates for age and occupational class. We used linear regression to test for linear trends across stress categories.
We calculated the odds ratios through logistic regression for incident angina and ischaemia at second screening according to reported stress category at initial screening. We defined "incident" angina or ischaemia as angina or ischaemia at second screening in a participant without angina or ischaemia at first screening. We included in these models age, occupational class, screening interval, and cardiovascular risk factors. We calculated odds ratios through logistic regression models adjusted for age for incident angina and ischaemia associated with established cardiovascular risk factors.
We evaluated the relation between the different categories of hospital admission and different levels of perceived stress and risk factors as a rate ratio using negative binomial regression. This elaboration of Poisson regression accommodates variation in the propensity for admission to hospital across individuals. 17 We considered admissions over a period of 21 years from first screening. We included age, occupational class, and cardiovascular risk factors in models.
We calculated categories of mortality associated with angina, ischaemia, established cardiovascular risk factors, and perceived stress in proportional hazard models including age. We took survival time to start at first screening. We added occupational class and coronary risk factors sequentially.
We repeated the prospective analyses to test for a trend across the three categories of stress. We undertook all analyses with stata 6.0 (Statacorp, College Station, TX, USA).
Results
Perceived stress showed a graded association with occupational class from a mean stress score of 4.4 in social class I to a mean stress score of 2.8 in social class V (P for trend < 0.001). Table 1 shows the distribution of cardiovascular risk factors and prevalence of angina and ischaemia by perceived stress at first screening. Higher stress is associated with an adverse pattern of behavioural risk factors but shows no clear relation with physiological risk factors. A substantial trend of higher prevalence of angina with higher stress is apparent. Conversely, there is a weak, inverse association of prevalent ischaemia with baseline stress. These cross sectional associations were the same when
Reeder stress inventory
The Reeder stress inventory consists of four statements: In general I am usually tense or nervous There is a great amount of nervous strain connected with my daily activities At the end of the day I am completely exhausted mentally and physically My daily activities are extremely trying and stressful Participants indicate the extent to which each statement applies to them using a four point Likert format. Psychometric analysis of the responses of the current cohort indicated acceptable internal consistency (Cronbach's =0.77). Principal components analysis and maximum likelihood factor analysis yielded a one factor solution. A scoring system was employed to derive a summary score ranging from 1 (low perceived stress) to 8 (high perceived stress) as below. 0, no response to one or more statement (that is, missing responses). These were omitted from the analyses 1, "not at all" on all four statements 2, not at all on any three with any other response on the fourth 3, not at all on any two with "not very accurately" on the other two 4, not at all on any one or two with any other response on the remainder but not those in 3 5, all others not specified on 1, 2, 3, 4, 6, 7, or 8 6, "to some extent" on all four or to some extent on three and "exactly" on the fourth 7, exactly on any three with to some extent or "not very accurately" on the fourth or exactly on two with to some extent on two 8, exactly response to all four statements. This system was devised by Reeder et al. 13 Stress scores derived using a more conventional "Likert" approach to scoring (that is, attaching a score of 1-4 to each response category and summing these across the four items) showed the same pattern of relations with all outcomes and covariates.
analysis was restricted to members of the cohort screened twice (data not shown). Table 2 shows the relation between established cardiovascular risk factors at baseline and subsequent events. In general, established risk factors predicted increased events. Smoking was not related to incident ischaemia, possibly because of a heightened risk of death in smokers with myocardial ischaemia, who were therefore less likely to be alive at the time of second screening. Associations were slightly weaker in relation to "Rose" angina and admissions for angina. Table 3 shows an age adjusted odds ratio for development of incident angina of 2.32 in participants with high stress compared with those with low stress. Further adjustment for social class and cardiovascular risk factors strengthened this relation. A dose-response association between stress and incident angina was seen. There was, however, an apparent weakly inverse relation between high stress and incident ischaemia. Table 4 shows a higher rate of hospital admission with higher stress. This was most strongly apparent in relation to psychiatric disorders. Higher stress also strongly predicted admissions related to hypertension, varicose veins, and ill defined cardiovascular conditions. Patients admitted with angina showed a weak positive association with stress. Those admitted for acute myocardial infarction showed a weak inverse association with stress. Adjustment for social position and risk factors made little difference to most of these estimates. Adjustment for cardiovascular risk factors made little difference to the relation between stress and admissions for psychiatric conditions, and confining analysis to only the principal discharge diagnosis did not alter any patterns (data not shown). Table 5 shows a moderate inverse relation between stress and mortality from all causes, cardiovascular disease, and coronary heart disease. Adjustment for occupational class substantially attenuated this association, with further adjustment for risk factors having little influence. Perceived stress was relatively stable among those men screened twice (weighted k=0.45). In these men both mean stress score and change in stress score showed essentially the same relation with mortalitythat is, higher mean stress and increased stress were associated with lower mortality (data not shown).
Discussion
A strong and substantial relation exists between self reported stress and self reported symptoms of coronary heart disease. A relation of similar strength and magnitude is seen between stress and admission to hospital for psychiatric disorders. A weaker and less substantial relation is apparent between stress and admissions to a general hospital, including those broadly classified as related to cardiovascular disease. All mortality analyses are on 5606 men with complete data on all measures, analyses for incident angina are on 2487 men with no angina at first screening and who were screened twice, analyses for incident ischaemia are on 2501 men with not ischaemia at first screening and who were screened twice. *There were 3140 current smokers at first screening, 1310 current smokers did not have angina at first screening and were screened twice, 1350 current smokers did not have ischaemia at first screening and were screened twice. †Odds ratios and hazard ratios are those associated with 1 mmol/l increase in plasma cholesterol concentration. ‡Odds ratios and hazard ratios are those associated with 10 mm Hg increase in diastolic blood pressure. §345 men had angina at first screening. Angina was considered present if pain or discomfort over sternum or left chest and arm while hurrying or walking uphill caused participant to slow down or stop, pain subsiding in 10 minutes or less. 323 men had ischaemia at first screening. ECGs were coded according to the Minnesota system. Ischaemia was encompassed by codes 1. No relation is apparent between stress and hospital admission for coronary heart disease. Higher stress is weakly associated with lower risk of ischaemia as detected by electrocardiography, admission to hospital for myocardial infarction, and mortality.
A proportion of individuals with coronary heart disease may never be treated in hospital and may have a normal resting electrocardiogram. However it seems unlikely that genuine coronary heart disease would not be associated with an increased risk of mortality in a middle aged male population followed up for over 20 years. The alternative, and more likely, explanation is that our "positive" findings were an artefact of reporting bias. Individuals who perceived and reported their lives as most stressful also tended to perceive and report more symptoms attributable to cardiovascular disease, leading to an association between heightened stress and angina. These individuals were also more likely to attend a health facility and to report their symptoms to a doctor. The mainstay of diagnosis is a history of symptoms. 18 Self reported symptoms are also an important influence on decisions about hospital admission, particularly in situations where the condition is one where admission would normally be considered discretionary rather than mandatory. This is the most likely explanation for the positive association between stress and many categories of hospital admissions.
The broad categories "cardiovascular disease" and "coronary heart disease" are made up of different constituent diagnoses. Admissions for coronary heart disease did not increase with increasing stress, whereas admissions for cardiovascular disease did. We have broken down these categories to explore this discrepancy. Admissions for "coronary heart disease" are dominated by those for acute myocardial infarction, a condition where admission would normally be considered mandatory and where diagnostic classification depends primarily on objective criteria (such as the measurement of cardiac enzymes). Reporting bias will not influence these, hence admissions for myocardial infarction are not related to stress. For most classes of hospital admission the decision to admit and the classification of cause of admission depends on a combination of symptoms and signs. Where symptoms have the dominant influence, reporting bias may exert an important influence. This probably explains the weakly positive associations between angina admissions and stress and the more strongly positive association between stress and the group of admissions for cardiovascular conditions where admission was likely to be, to a substantial degree, discretionary or when diagnostic classification reflected non-specific symptoms or signs. Because of this, admissions for "cardiovascular disease" overall were positively associated with stress. Some studies have used disease diagnosed by a doctor as an "objective" outcome. 19 These results suggest that it may also be influenced by reporting bias.
We are not questioning the reality of symptoms to the person experiencing them. Nor, given the strong association between angina and mortality, are we suggesting that self reported angina is, in general, a poor predictor of coronary heart disease. However, reporting tendency as well as physical disease can lead to angina being experienced and reported. This has important implications for treatment and prevention.
The weak inverse association between higher stress, ischaemia detected by electrocardiography, acute myocardial infarction, and mortality is also likely to be noncausal. In this population, socially advantaged men perceived themselves to be most stressed, leading to a confounded association between higher stress and better health. Adjustment for current occupational class attenuated but did not abolish this relation. Adjustment for other markers of social position had little additional effect (data not shown). All measures of social position are relatively crude, and statistical adjustment for them is likely to leave a residually confounded association between any socially patterned exposure and health.
In the systematic review concluding that evidence supported a causal relation between stress and cardiovascular health, these associations were most consistently observed between stress and substantially subjective end points such as self reported symptoms. 2 20-23 It seems likely that at least some of these relations are artefactual in the same way as the ones we report here. Only one study in this review reported an association between perceived stress and mortality, in a population where stress was associated with social disadvantage and therefore likely to show a confounded association with health. 24 Associations between "psychosocial" factors and objectively poorer health have been shown in other studies. 3 25 26 In all of these, where the social distribution of the psychosocial factor was described, "adverse" exposure was associated with social disadvantage. It is possible that these relations were also residually confounded.
In our study, heightened stress showed typical associations with unhealthy behaviour. The expected relation between stress and admissions for psychiatric disorders and experience in other studies increases our confidence in the validity of our measure of stress. 9 11-13 However, we emphasise that our results are presented to show the way in which reporting bias and confounding can generate non-causal associations between psychosocial measures and health outcomes. These points do not depend on the validity or comprehensiveness of our stress measure. Given the predictable associations observed between conven- †Excluding participants who had angina at first screening and those not screened twice. ‡Excluding participants who had ischaemia at first screening and those not screened twice.
tional risk factors and a range of disease end points we have no suspicion that our results reflected an unusual study population. Furthermore, we do not believe that the issues we have highlighted have any less relevance to studies incorporating more recent or more elaborate measures of perceived stress or other self reported psychosocial constructs. Given the plausibility of an effect of psychosocial adversity on physical health and the current popularity of psychosocial explanations for patterns of health in developed countries, it is important to clarify these issues. Spurious associations between exposures and outcomes are to be expected when both are substantially subjective. Adjustment for a measure of reporting tendency is unlikely to abolish this effect because reporting tendency is impossible to measure precisely. 27 Relations with objective outcomes are more suggestive of important effects. However unless they are shown in populations where heightened exposure is not associated with social disadvantage, residual confounding is impossible to discount. Experimental studies could resolve this issue and indicate the potential, if any, for interventions targeting psychosocial exposure to improve population health.
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What is already known on this topic
Higher psychological stress has predicted coronary heart disease in several observational studies Exposure to stress and heart disease outcomes were often based on self report so that a general tendency to negative perceptions may have generated a spurious association between higher perceived stress and heart disease symptoms
What this study adds
Perceived stress was strongly related to subjective symptoms of heart disease, including those leading to hospital admission However, stress showed a weakly inverse relation to all objective indices of heart disease: socially advantaged men perceived themselves to be most stressed, and the "protective" effect of stress was probably attributable to residual confounding Suggestions that psychological stress is an important determinant of heart disease may be premature Reading the paper by Macleod and colleagues I am reminded of growing up in Australia, where my parents impressed upon me the importance of not being a "whinger." In fact, it was common for my grandmother when asked how she was feeling to reply "musn't grumble." Such stoicism even in the face of malaise was thought to be a positive personality disposition.
In an ingenious use of data collected in the early 1970s, Macleod and colleagues utilised baseline and follow up self reported and clinical data, combined with subsequent hospital admissions and mortality to show that men who reported themselves as feeling more tense, nervous, and exhausted by the stress of daily activities were more likely to have angina (derived from self report) and to be admitted to hospital for certain conditions (influenced by self reports to the attending physician). However, higher stress was not associated with hospital admissions, for which there were more objective criteria, such as myocardial infarction. Nor was stress associated with mortality. The authors concluded that their results showed a reporting bias-that is, people who viewed their lives as more stressful were also more likely to report more symptoms attributable to cardiovascular disease.
This study will evoke a range of responses. Some may point out that the stress measure used here is rather old fashioned and so the results are not widely applicable. Contemporary psychosocial research investigates constructs like hostility, hopelessness, and depression, which are defined more precisely than stress, measured using more refined instruments, and have been linked to objective outcomes. 1 2 Others will argue that this is a good example of how the effects of psychosocial exposures on health may have been oversold. The nature of the effects of self reported stress found here are reasonably typical of the evidence generated from studies linking job stress and self reported outcomes like angina, and this paper may aid in greater understanding of such links. 3 This study represents a cogent empirical example of how reporting bias can generate associations between self reported exposures and outcomes. This does not necessarily mean that all such associations are spurious, but it does illustrate the potential for reporting bias. Furthermore, Macleod and colleagues argued that when a psychosocial exposure is not linked to social disadvantage, associations between self reported psychosocial stress and self reported outcomes may be the result of reporting bias. When the psychosocial exposure is patterned by socioeconomic disadvantage associations may be-depending on the outcome-the result of reporting bias or residual confounding by unmeasured socioeconomic factors from across the life course. 4 These points are well defined challenges for those of us trying to gain greater understanding of the role of psychosocial exposures. Investigators now have more reason than ever to address reporting bias and residual confounding in investigating the health effects of psychosocial exposures. They imply that the most convincing evidence for a causal role of psychosocial exposures will come from studies that have objective and self reported outcomes and have measured all the relevant covariates including other psychosocial factors and socioeconomic factors from all stages of the life course. 5 I think that for many extant studies that will be tough to achieve. But as I have an aversion to whingeing perhaps it's just better to get on and try to ensure that future studies of the health effects of psychosocial exposures can address these challenges. Macleod and colleagues' results should not be seen as a threat to the study of psychosocial exposures and health. On the contrary, they help to strengthen the discipline.
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